~ ~ ~~~ ~ ~~ ~~ ~~ ~ ~~ ~ Lipopolysaccharides (LPS) from four strains of Campylobucter jejuni and two strains of C. coli
INTRODUCTION
Lipopolysaccharides (LPS) have been isolated from eight strains of Cumpylobacter jejuni and three strainsof C. coli(Nress & Hofstad, 1982 ,1984 . The chemical composition resembled that of cell-wall LPS isolated from other Gram-negative, enteric bacteria. Phosphorus, ethanolamine, 3-hydroxytetradecanoic acid, n-tetradecanoic acid, n-hexadecanoic acid, 2-keto-3deoxyoctonate, L-glycero-D-manno-heptose, glucose, galactose and glucosamine were present in all Cumpylobacter LPS. They varied with respect to the presence or absence of mannose and galactosamine. The number of neutral sugar residues relative to fatty acid residues was low (less than 2-5), and the molar ratios of galactose and glucose relative to L-glycero-mmww-heptose varied from 0.5-3-0 to 1 -0 and 0.6-4. I to 1 -0, respectively. These findings indicate that if the LPS core oligosaccharide is substituted by antigenic side-chain units, the number of units present must be low.
Samples of the isolated LPS were degraded by treatment with 1% acetic acid to obtain information on the distribution of the components present. The isolated polysaccharide-containing aqueous layer was fractionated by gel filtration on Bio-Gel columns. The present paper deals with the degradation and subsequent gel filtration experiments carried out with LPS isolated from four strains of C. jejuni and two strains of C. coli, and with the chemical composition of the various materials thus obtained. Mawhinney eta/. (1980) . GLC was done as described above, but the oven was programmed from 210 to 240 "C.
The final temperature was held for 8 min. Sorbitol was used as internal standard. Futry acids. Samples were methanolysed with 2 M-HCI in methanol at 85 "C for 18 h (Jantzcn eta/.. 1974). The methyl esters were extracted with hexane and treated with 50% (v/v) trifluoroacetic anhydride in acetonitrile (TFAA) (Jantzen er ul., 1978). GLC was done with the Perkin-Elmer gas chromatograph. The glass column (0.2 x 200 cm) was packed with 3% SE-30 on Supclcoport 80-100 mesh. The injector and detector temperatures were 200 "C, and the oven temperature was programmed from I20 to 240 "C at a rate of 2 "C min-I . n-Heptadtcanoic acid was used as internal standard.
'Tot01 unolyses. ' Methanolysed samples of material were also derivatirtd with TFAA as described by Bryn & Jantzen (1982) for the simultaneous determination of monosaccharides and fatty acids. Methanolysates were dried under N2, rc-cvaporated with I vol. methanol and derivatized with 50% TFAA. After heating under reflux for 2min, the samples were dried and resuspended in 10% TFAA. The samples were examined by GLC using a Hcwlett-Packard 5710gaschromatograph with a flame ionization detector and a glass capillary column (0-32 mm x 20 m) coated at the Dept of Pharmacology, University of Bergen, with a 0.2 pm film of SE-54 (bonded-phase; Crompack, Middelburg, Holland) . He (3mlmin-') was used as carrier gas. The injector and detector temperatures were 250 "C and the oven temperature was programmed from 90 to 260 "C at a rate of 8 "C min-I .
The initial temperature was held for 4 min. n-Heptadecanoic acid was used as internal standard.
All gas chromatographic peak identities were established by comparing the relative retention time to those of authentic standards of neutral sugars, amino sugars (HCL-form), fatty acids, KDO and thenaolarnine. In cases of Li&ru~iono~~ur~~.urids/rom lipid A. The lipid A was treated with alkaline hydroxylaminc in ethanol for 3 min at 63 "C (Snyder Br Stephens, 1959; Rietschel ei ui., 1972). The resulting suspension was centrifuged at 16000g for 1 h. The supernatant, containing the formerly ester-linked fatty acids, was acidified with 2 #-HCI (approximately pH I), heated for I h at 100 "C, and the liberated fatty acids were extracted with chloroform. The de-0-acylated lipid A present in the sediment was extracted with chloroform as well. In case any unextracted complete, or de-0acylated lipid A remained, the sediment was treated with 4 M-NaOH at 100 "C for 5 h to liberate the amide-linked fatty acids, and the acids were extracted with chloroform. The three chloroform extracts were dried under N2, rnethandyscd. derivatized with TFAA and analyxd by GLC.
RESULTS
With the exception of the LPS from strains E 8035 (43.9 mg) and NCTC 1 1392 (3-8 mg), 20-30 mg LPS was subjected to weak acid hydrolysis. The recovery of freeze-dried materials was 7 7 4 7 % . For most LPS approximately 35% of the recovered material was water-soluble ( p l ysaccharide) and 40% chloroform-soluble (lipid A). The remaining material ended as an interface. The plysaccharide isolated from strain NCTC 11392 made up a smaller part of the hydrolysed LPS (12.9%). This LPS also had the highest content of lipid A (54-87J. The LPS of strain 11041 contained 534% polysaccharide, and that of strain 11101 50.9% lipid A.
Trifluoroacetic anhydride derivatives of LPS and of the materials isolated from the three layers of all six strains were analyscd by GLC for sugar and fatty acid constituents. Typical patterns are shown in Fig. 1 . The LPS and the polysaccharide of strain NCTC 11 168 were contaminated with ribose due to incomplete ribonuclease treatment during isolation. The materials obtained in the various layers from strain E 8035 were subjected to separate analyses for neutral sugars, amino sugars, fatty acids, KDO, phosphorus and protein. The analysis accounted for 44% of the polysaccharide, 53% of the lipid A and 29% of the interfacial material. The only additional information thus revealed was the presence of phosphorus in all three layers (1.6% of the plysaccharide, 2.4% of lipid A and 1.7%of the interfacial material) and that the protein present in the LPS remained with the lipid A.
With the exception of glucosamine, the majority of lipid As contained negligible amounts of sugars. An exception was the lipid A of strain E 8035, which contained 8.8% neutral sugars (determined as alditol acetates) in molar ratios similar to that of the parent LPS. The fatty acids present in the lipid As were n-tetradecanoic, 3-hydroxytetradecanoic and n-hexadecanoic acids either in molar ratios similar to those of undegraded LPS ( The interfacial material had a qualitative chemical composition similar to unhydrolysed LPS, but a relatively higher content of fatty acids indicated that the material consisted of a mixture of LPS and lipid A. The material from strain 11 101 had a composition identical to lipid A. P-60 (Fig. 2) . Because of the small amount available, the polysaccharide of LPS from strain NCTC 11 392 was chromatographed on a much smaller P-60 column (u0 = 11.0 ml, V, = 16-5 ml, i.e. 1.5 x V,) (elution profile not shown). The polysaccharides from the LPS of strains E 8035 and NCTC I1392 formed one peak, having its maximum at the total volume of the columns. The polysaccharides from the LPS of the other strains showed one peak (I) just before, and another peak (11) at the total volume of the column. The peak I of the polysaccharide from strain 11 101 had a maximum closer to the void volume than the polysaccharide from the other LPS (Table 1) . For all strains, except 1 1392, samples ofthe fractions eluted before the peaks, and of the peakforming materials, were derivatized with TFAA for GLC. The eluate before peak I contained either small amounts of glucose or amino sugars or both. Peaks I and I1 contained the same components as the degraded polysaccharide. The main difference between the two peaks was a much higher content of amino sugars and K D O in peak 11. For most strains the relative amounts of neutral sugars resembled those of the parent polysaccharides (Table I) . Hydrolysed and unhydrolysed samples of the peak-forming material from the polysaccharide of LPS from strain E 8035 were subjected to separate analysis for neutral sugars: 32.2% of the material was identified as neutral sugars after hydrolysis, as compared to 2.3% without hydrolysis. The relative amounts of glucose and galactose were higher in the unhydrolysed, as compared to the h yd rolysed, samples. The peak-forming materials from all strains, except NCTC 1 1392, were re-chromatographed using a Bio-Gel P-I0 column. The peak I1 materials formed a peak having its maximum a little closer to the total volume than the material of peak I. A shoulder formed on the peak I material of strain NCTC I 1 168 which indicated that this material was heterogenous in composition. The peak 1 material from strain 1 I101 was eluted closer to the void volume of the column than the peak I material from the other polysaccharides. A sample of water-soluble plysaccharide from degraded LPS from Escherichia coli Su 441 1-41 (014 : K7 : H-, core type R4) showed an elution V . N R S S A N D T. HOFSTAD profile similar to the peak-forming material from strain E 8035 when chromatographed on the same P-10 column. Samples of the peak-forming materials obtained following the P-10 column were dtrivatizcd with TFAA for GLC. The gas chromatograms did not reveal any further information, except that for some polysaccharides the high amount of KDO present in the peak I1 material was reduced.
Gel filtration of the polysaccharides

DISCUSSION
The LPS from C. jejuni and C. coli were readily split by treatment with 1 % acetic acid into chloroform-soluble lipid A and water-soluble, KDOcontaining plysaccharide. This indicates that the lipid A and the polysaccharide part of the Campylobacter LPS are linked via KDO, as is the case with enterobacterial LPS.
The high content of fatty acids relative to neutral sugars in the interface indicates that lipid A constitutes a greater part of the LPS macromolecule than that indicated by the percentage amount of lipid A isolated. Hydroxylaminolysis shows that 3-OH-14 :O is present in lipid A as ester-and amide-linked fatty acid residues, while 16 :O and 14:O are ester-linked. The Cumpylobacrer lipid As contain both glucosamine and phosphate. These two compounds are found in the enterobacterial lipid A where the fl-I ,&linked o-glucosamine residues substituted by ester-and glycosidically-linked phosphate groups form a backbone. The lipid A backbone is one of the more conservative structural forms found among the Gram-negative bacteria, A similar structure may be present in Campylobacter LPS. The low yield of glucosamine (cf. Fig.   lb ) can be explained by the fact that phosphorylated sugars are undetectable by GLC. In addition, only glycosidically linked phosphate groups are released by the hydrolytic conditions used. The results of the experiments carried out on the chloroform-soluble material indicate that the main structure of the C. jejuni and C. cofi lipid As resembles that of enterobacterial lipid A.
The typical elution profile from gel filtration on Bio-Gel P-60 columns of the water-soluble plysaccharide obtained by weak acid hydrolysis of enterobacterial S-form LPS shows a peak appearing at the void volume of the column and another peak near the total volume. The first peak corresponds to polymeric 0-antigenic side-chains, with or without attached core fragments, and the second to the core oligosaccharide. The water-soluble plysaccharide of the LPS of C. coli E 8035 and C. jejuni NCTC 1 1392 was eluted from the Bio-Gel P-60 columns as a homogeneous peak having a maximum at the total volume of the column, indicating that both LPS are devoid of polymeric side-chains. The elution profile from the gel filtration on the Bio-Gel P-I0 column of the LPS from strain E 8035 is similar to that of the polysaccharide of the LPS from E. coli Su 441 1, which is a core oligosaccharide made up of 10 sugar residues (Glc : Gal : L-Hep in ratios 3 :4 :3) (Orskov et al., 1977) . This suggests that the former is an R-type oligosaccharide composed of KDO, L-gfycero-D-munno-heptose, glucose, galactose and glucosamine. A prerequisite for this assumption is that the two oligosaccharides are similar in shape. One or more of the sugar residues and/or the ethanolamine is phosphorylated. 
